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Pesffiptipn 

COMPOSITION AND PROCESS FOR FORMING AN UNDERPAINT 
COATING ON METALS 

Technical Field 

This invention relates to a surface treatment method that can be applied 
to various types of metals to fomi thereon an undercoating film usable with a va- 
riety of paint systems. More specifically, this invention relates to a surface treat- 
ment method of the described type that, without using a titanium colloid surface- 
conditioning treatment: (a) produces a dense, fine, and uniform conversion film; 
(b) induces the formation of fine-sized crystals in the conversion film; and (c) 
fonms a high quality underpaint coating for electrodeposltion painting, solvent 
based painting, powder coating, and the like. 
Background Art 

Zinc phosphate conversion treatments and chromate treatments are cur- 
rently in widespread use as underpaint coating treatments for various types of 
metals for the purpose of improving the post-painting corrosion resistance and 
paint film adherence. Zinc phosphate conversion treatments are mainly used 
when the metal substrate is composed of iron or is a composite of several types 
of materials, because it is difficult for chromate treatments to accommodate or 
be adapted to such substrates. 

The crystals in the films afforded by zinc phosphate conversion treatment 
are subject to substantial variation in size as a function of the treatment condi- 
tions. Thick coatings of coarse crystals are ideal for plastic-woricing operations 
and rust prevention, but when such coatings are painted they may fall to provide 
a satisfactory paint film adherence. In feet, the most demanding uses of zinc 
phosphate conversion coatings as underpaint coatings require the generation of 
thin conversion films of uniform, dense, and fine coating crystals. 

Two general methods are known for generating thin zinc phosphate con- 
vention coatings. In one method, contact with the conversion treatment bath is 
suspended after only partial completion of the film-depositk^n reactions, thereliy 
stopping these reactions. A problem with this method is that it gives an incom- 
plete deposition of the conversion film and thus fails to provide complete cover- 
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age of the basis metal. As a result, post-conversion water rinse and drying pro- 
cesses can caus th substrate to rust, and the post*painting con-osion resist* 
ance will also be unsatisfactory. 

The other general method relies on inducing fine-sized coating crystals. 
In this method the film-deposition reactions spontaneously temninate, or at least 
greatly slow, while the film is still thin, and the completed conversion coating 
completely covers the substrate. This method can provide both a satisfactory 
paint film adherence and post^painting corrosion resistance. 

Immersion and spraying techniques are primarily used in the above de- 
scribed zinc phosphate conversion treatment technologies. In the absence of a 
prior "conditioning" treatment of the metal surftices to be coated, immersion does 
not usually produce dense, fine coating crystals and requires a lengthy period of 
time for conversion treatment unless the treatment temperature is 55 ''C or great- 
er Spraying does produce a somevrfiat better fine-crystal fonnation in the coat- 
ing than does immersion, but not usually enough to provide a fully satis^ctory 
painting perfomnance. And again, treatment temperatures of at least 55 are 
required in onier to complete the treatment in a relatively brief period of time. 

A titanium colloid surface-conditioning treatment must usually be applied 
to the metal suriiace immediately prior to conversion treatment in order to obtain 
(a) fine-crystal fonnation in the coating and (b) a reduction in the treatment tem- 
perature to 50 and below. This surface-conditioning treatment activates the 
suriace of the metal substrate, with the result that, regardless of the use of im- 
mersion or spraying, the treatment temperature can be lowered, the treatment 
time can be shortened, and a fine-sized crystalline film that provides an entirely 
satisfactory painting performance can be obtained. 

When metal surfaces are subjected to a zinc phosphate conversion treat- 
ment for the above-described purpose of providing an underpaint coating, the 
surface is ordinarily subjected to a titanium colloid surface-conditioning treatment 
immediately prior to the conversion treatment process. However, the titanium 
colloid dispersed in the surface-conditioning treatment bath aggregates with 
elapsed time after bath preparation, leading to a decline in the surface-condition- 
ing activity with continued time of use. Japanese Patent Publication Number Sho 
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62-9190 [9.190/1987] teaches management of the Mq/PjOt ratio in the surface- 
conditioning treatment bath in ord r to increase the stability of the titanium col- 
told, while Japanese Patent Application Laid Open [Kolcai or Unexamined] Num- 
ber Sho 63-18084 [18,084/1988] discloses the addition to the surface-condition- 
ing treatment bath of an organic material as a stabilizer for the titanium colloid. 
Each of tfiese methods, however, is less efiective than would be desirable, with 
the result that in practice aged bath must be discharged and freshly prepared 
bath must be supplied on a continuous or at least frequent basis in order to cope 
with the decline in activity. This preparation and management of the surfece- 
conditioning treatment bath is complex and labor intensive and entails a major 
economic burden due to its high reagent consumption. And of course, because 
treatment fticilrties are required in order to implement the surface-conditioning 
treatment, this raises costs for maintenance of the fadiities and an expansion of 
the treatment space. 

As a consequence of the various issues discussed above, there has re- 
cently been strong demand for the development of a surface treatment method 
that could omit the problematic titanium colloid surface-conditioning treatment 
while still being able to form on metal surfaces the uniform, fine, dense, and thin 
conversion films that are optimal as underpaint coatings. 
Disclosure of the Inventjpn 

Problems to Be Solved bv the Invention 

This invention was developed in order to solve the above-described prob- 
lems that occur with the surface-conditioning treatment that is run immediately 
prior to zinc phosphate conversion treatment. In specific temis, this invention in- 
troduces a surface treatment method for the fomnatlon of underpaint coatings on 
metals, wherein said method, without the use of a surface-conditioning tiBatment. 
can form on the surface of various metals a uniform, fine, and dense conversion 
coating that provides an excellent paintability and is also able to generate fine- 
sized crystals in the conversion coating. 

Summary of the Invention 

It has been found that the use of a heretofore unexamined organic oxidiz- 
ing agent, namely, organoperoxide, led to the deposition of a unifbmi. thin, finely 
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crystalline, and dense conversion coating on the surfaces of metal substrates — 
and thereby yielded an excellent painting performance — even when zinc phos- 
phate conversion bBatm nt was used on the metal surface directly after cleaning 
without any intervening surface-conditioning treatment. It was also discovered 
at the same time that the surface treatment method according to the present 
invention afforded the desired effects to a satisfactory degree even at relatively 
low conversion coating temperatures. 

In specific terms, then, the surface treatment method according to the 
present invention for the fonnafon of underpaint coatings on metais characterist- 
ically comprises the formation of a conversion coating on metal surfoces by first 
cleaning the surface of the metal and, without any surface conditioning treatment 
as is conventionally performed, thereafter bringing the said clean surface into 
contact with a zinc phosphate conversion treatment bath that contains zinc ions, 
phosphate ions, and organoperoxide. 

No particular restrictions apply to the type, shape, or dimensions of metals 
that may be treated by the method according to the present invention. For ex- 
ample, the method according to the present invention can be applied to a variety 
of iron and steel materials, for example, steel sheet and zinciferous metal-plated 
steel sheet, and to a variety of aluminum materials, for example, aluminum sheet 
and aluminum alloys such as aluminum-magnesium alloys and aluminum-silicon 
alloys. 

Detailed Descrintion of the I nvention and Its Preferred Embodiments 

The organoperoxide concentaration in the subject conversion treatment 
bath is preferably from 50 to 1,500 ppm, and the temperature of the conversion 
treatment bath is preferably from 25 •C to 50 

The surface treatment method according to the present invention requires 
that the zinc phosphate conversion treatment be executed on a clean metal sur- 
face. Accordingly, metals with already clean surfaces can be directly exposed 
to the conversion treatment bath without furttier processing. However, when tiie 
metal surface is contaminated by adhering iron powder, dust. oil. or the like, the 
surface contaminants must be removed by a cleaning process such as aqueous 
alkaline degreasing, emulsion degreasing, solvent-based degreasing, and so 
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forth. When a water-based cleaner is used, cleaning is preferably followed by 
a water rinse station where cleaning solution carried fonrard on the metal surface 
is removed. 

The zinc phosphate conversion treatment bath employed by the method 
according to the present invention is essentially an acidic aqueous solution that 
contains zinc Ions, phosphate ions, and organoperoxide. The zinc ions concen- 
tration in the conversion treatment bath is generally preferably from 0.5 to 5.0 
g/L An adequate coating weight may not be obteined when the zinc ions con- 
centration is below 0.5 g/L; this leads to a decline in the coverage ratio by the re- 
sulting conversion coating on the metel surtece and thereby to an inadequate 
post-painting corrosion resistence. Concentrations in excess of 5.0 g/L can 
cause a coarsening of the coating crystels. thereby producing in particular a 
decline in the post-painting paint film adherence. 

The phosphate ions concentration in the conversion treatment bath used 
by the method according to the present invention is preferably from 5.0 to 30.0 
g/L. Concentrations below 5.0 g/L can make it difficult to form nomial conversion 
coatings, while concentrations in excess of 30.0 g/L do not provide any additional 
increments in activity and are therefore uneconomical. The phosphate ions can 
be formed by the addition of phosphoric acid or its aqueous solutions to the con- 
version treatment bath or by the dissolution of sodium phosphate, magnesium 
phosphate, zinc phosphate, or the like in the conversion treatment bath. The 
stoichiometric equivalent as phosphate ions of all such sources of phosphoric 
acid, condensed phosphoric acids, and salts of simple or condensed phosphoric 
acids in the liquid compositions used for conveision coating is to be understood 
as phosphate ions for the purposes of determining these preferred concentra- 
tions, irrespective of the actual degree of ionization that exists in the composi- 
tions. Primarily for reasons of economy, orthophosphortc acid and its salts are 
preferred. 

The conversion treatment bath used in the present invention contains at 
least one organoperoxide. The organoperoxide has oxidizing power, as do many 
other materials such as nitrite ions that are called "accelerators" and are com- 
monly used in prior art phosphate conversion coating forming compositions. 
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Organoperoxid , unlike previously known accelerators, also functions to induce 
fine-siz crystal fonnation in the conv rsion coating. This enables the surface 
treatment method according to the present invention to iom a unifomi. thin, 
finely crystalline, and dense conversion coating In the absence of a titanium col- 
loid surface-conditioning treatment The use of an oiganoperoxide-containing 
conversion treatment bath is the most characteristic feature of the method ac- 
cording to the present Invention. 

The organoperoxide used in the subject conversion treatment bath is ex- 
emplified by organoperoxides, such as tert-butyl hydroperoxide. dWert-butyl 
peroxide, acetylacetone peroxide, cumene hydroperoxide, tert-butylperoxymaleic 
acid, and so forth that have a simple peroxy moiety, and by organoperoxides that 
have a percarboxylic acid moiety, such as peracetic add, monoperphthalic acid, 
persuccinic acid, and so forth. When the organoperoxide has a low solubility in 
the treatment bath, its preserM» in the aforementioned conversion treatment bath 
can be induced by solubilization through the addition of a relatively small amount 
of a water-soluble organic solvent or surfactant. 

The organoperoxMe is preferably added to give a concentration from 50 
to 1 ,500 ppm in the conversion treatment bath. An organoperoxide concentration 
in the conversion treatment bath below 50 ppm can result in an inadequate ac- 
celeration of converston coating fonnation and inadequate results in terms of pro- 
ducing fine-size crystals in Oie coating. ConcentoBtions in excess of 1,500 ppm 
do not produce any additional increments In results and are therefore uneconom- 
ical. 

The zinc phosphate conversion treatment bath used by the present inven- 
tion may also contain etehant, whose function is to generate a unifonn etch of tfie 
surface of tiie metal being treated, and non-zinc metal ions, whose function is to 
provide additional improvements in the painting performance. 

Fluoride ions or complex fluoride ions, e.g., fluosilicate ions, can be used 
as the etehant. Fluorine compounds that produce tiiese ions are exemplified by 
hydrofluoric acid, fluosilicic acid, and their metal salts (sodium salt, potassium 
salt), and the etching ions are produced by the dissolution of these compounds 
In the conversion treatment batti. The etching ions are preferably present in the 
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conversion treatment bath at a concentration from 100 to 2,000 ppm. 

Nickel ions, manganese ions, cobalt ions, magnesium ions, calcium ions, 
and the like can be employed as the non-zinc metal ions additive. Each of these 
kinds of ions can be fomied by dissolution in the conversion treatment bath of an 
oxide, hydroxide, cari^onate, sulfate, phosphate, and/or other compound of the 
comesponding metal, or even of the elemental metal itself. These metal ions are 
preferably present In the conversion treatment bath at a concentration from 100 
to 2.000 ppm. 

The conversk>n treatment bath used by the present invention need not 
contain nitric acid, nitrous acid, an organic nitro compound, etc., and in conse- 
quence thereof can be formulated as a conversion bath that is completely free 
of nitrogenous compounds. This nitrogen-free fonnulatlon eliminates the need 
for a nitrogenous compound treatment step during effluent treatment and makes 
it quite easy for the sur^ce treatment method according to the present invention 
to accommodate environmental regulations on the effluent levels of nitrogenous 
compounds. 

A prefenred treatment sequence in a process according to the present 
invention comprises, more preferably consists essentially of, or still more 
preferably consists of the following steps, executed in the given sequence: alka- 
line degreasing. water rinse, zinc phosphate conversion treatment, and water 
rinse. The degreasing process and water rinses can in each case be implement- 
ed as single-step or multistep processes. The final water rinse is preferably a de- 
ionized water rinse. Painting can be earned out after the final water rinse without 
an inten/ening drying step or can be carried out after a drying step following the 
final water rinse. 

Zinc phosphate conversion treatment using the surface treatment method 
according to the present invention is ordinarily run by immersion or spraying or 
a combination thereof. In practice a satisfactory conversion film can be formed 
using treatment times (contact time between the metal surface and conversion 
treatment bath) from approximately 1 minute to approximately 5 minutes. The 
temperature of the zinc phosphate conversion treatment bath is preferably 25^ 
C to 50 
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The functions and effects of the surface treatment method according to 
the pr sent invention are discussed below with particular reference to the activity 
in conversion film fomiation of the organoperoxide present in the zinc phosphate 
conversion treatment bath used in the present invention. 

When the metal workpiece is ferriferous, the organoperoxide used in the 
method according to the present invention also oxidizes dissolved divalent iron 
ion to trivalent iron ions, just as do the prior-art inorganic oxidizing agents. This 
prevents the accumulation of divalent iron Ions, which are detrimental to the con- 
version reactions. The trivalent iron ions afforded by oxidation react with the 
phosphate ions present In the conversion treatment bath to form an iron phos- 
phate (FeP04 • XH2O) sludge that is easily removed from the system. 

The present invention may be further appreciated by consideration of the 
woridng examples and comparative examples of actual treatment as shown be- 
low; however, the present invention is not limited to the following examples. 

Examoles 

The test materials were cold-rolled steel sheet (SPCC-SD, sheet thick- 
ness: 0.8 mm), zinc-electroplated steel sheet (sheet thickness: 0.8 mm, plating 
weight: both surfaces 3D g/m^), gaivannealed hot-dip zinc-plated steel sheet 
(sheet thtekness: 0.8 mm, plating weight: both surfaces 45 gfrxf), and aluminum- 
magnesium alloy sheet (A5052, sheet thickness: 1.0 mm). In each case they 
were cut to 70 x 150 mm to prepare the specimens that were then subjected to 
the treatments in the woricing and comparative examples. Each test material yi^s 
coated with 2 g/m^ of a commercial cleaning/rust-preventing oil. 

The treatment processes common to the wortdng and comparative examp- 
les are given below. 

(1) degreasing 

(FINECLEANER® L4460 alkaline degreaserfrom Nihon Paricerizing Com- 
pany, Limited, solution in water of 20 grams per liter (hereinafter usually 
abbreviated as "g/L") of agent A and 12 g/L of agent B) 
43 ^'C, 120 seconds of contact time, immersion 

(2) tap-water rinse 

ambient temperature, 30 seconds, spray 
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(3) zinc phosphate conversion treatment 

(Specific conditions are given in the respective working and comparative 
examples. The treatment time was always 120 seconds.) 

(4) tap-water rinse 

ambient temperature, 30 seconds, spray 

(5) deionized water rinse 

(deiontzed water with a conductivity of 0.2 microSlemens/cm) 
ambient temperature. 20 seconds, spray 

(6) drain/dry: hot air at 1 1 0 ''C, 180 seconds 

Treatment compositions, altematively called "baths" for brevity, numbered 
(1) to (3) as described below were used as starting points for the zinc phosphate 
conversion treatment baths. The type and concentration of drganoperoxide or 
other oxidizing agent the treatment temperature, and the treatment time are giv- 
en in the particular working and comparative examples, 
qgnygrgign trg^tm^nt bgth (1) 

Phosphate ions 15 g/L (from addition of 75 % phosphoric acid) 

Zinc ions 1 .3 g/L (from addition of zinc oxide) 

Nickel ions 0.5 g/L (from addition of nickel carbonate) 

Fluorine component 1 .0 g/L (from addition of sodium fluosilicate) 

2-butanol 30 g/L 

Free acidity 0.6 points 

(Points of free acidity are defined as the number of milliliters of 0.1 A/ sodium hy- 
droxide solution in water needed to titrate a 1 0 milliliter sample of the composi- 
tion to a color change from yellow to blue, using Bromophenol Blue indicator.) 
Conver$iQp treatment tfB\h (2) 

Phosphate ions 1 3 g/L (from addition of 75 % phosphoric acid) 

Zinc ions 1 .1 g/L (from addition of zinc oxide) 

Cobalt ions 0.4 g/L (from addition of basic cobalt carbonate) 

Fluorine component 0.4 g/L (from addition of sodium bifluoride) 

Free acidity : 0.4 points 

Conversion treatment bath (3) 

Phosphate ions 1 7 g/L (from addition of 75% phosphoric acid) 
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Zinc ions 1 -5 g/L (from addition of zinc oxide) 

Free acidity 0.7 points 

Each of conversion treatment baths (1) to (3) was adjusted to the sp ci- 
fled free acidity, after adding all other ingredients as shown, by adding sodium 
hydroxide. 

The coating weights were measured as follows. The weight in grams of 
the treated sheet after conversion treatment was measured to give "Wr. The 
coating was then stripped off the treated sheet using the stripping solution and 
stripping conditions given bekw, and the weight in grams of the stripped sheet 
was measured to give "W2". The coating weight in grams per square meter 
(hereinafter usually abbreviated as "g/"i**) was then calculated using the follow- 
ing equation: coating weight In g/m^ = (W1 - W2)/0.021 
fitpppinq conditions 

(1 ) For the cold-rolled steel sheet- 
stripping solution: 5 % aqueous chromic acid 
stripping conditions: 75 •C. 15 minutes, immersion 

(2) For the zinc-electroplated steel sheet and galvannealed hot-dip zinc-plat- 
ed steel sheet 

stripping solution: 2 weight % of ammonium dichromate + 49 weight % 
of 28 weight % aqueous ammonia + 49 weight % of pure water 
stripping conditions: room temperature. 15 minutes, immersion 

(3) For the aluminum alloy sheet 

stripping solution: 5 % aqueous chromic acid 
stripping conditions: room temperature, 5 minutes, immersion 
The deposited coating crystals were inspected with a scanning electron 
microscope (hereinafter usually abbreviated as "SEM") at 1 ,000X. This magni- 
fied image was used to evaluate base metal coverage (presence/absence of ex- 
posed substrate) and to measure the particle size of the conversion coating crys- 
tals for evaluation of the extent of fine-size crystals. 

The following standards were used for reporting the base metal coverage 
and the extent of fine-size crystals. 
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m Standards for evaluation of the crystal particles 

cold-rolled St el she t: 

-t- less than 35 micrometers 

X greater than or equal to 35 micrometers 

zinc-electroplated steel sheet: 

+ less than 25 micrometers 

X greater than or equal to 25 micrometers 

galvannealed hot-dip zinc-plated steel sheet: 

^ less than 30 micrometers 

X greater than or equal to 30 micrometers 

aluminum alloy sheet: 

less than 30 micrometers 
X greater than or equal to 30 micrometers 
12} Standard for evaluation of the base metal coveraoe 

For all specimens: 

+ absolutely no exposure of base metal observed 

X some exposure of the base metal observed 

Conversion-treated test panels were electrodeposition painted using a 
cationic electrodeposition paint (Elecron™ 2000 from Kansai Paint Kabushiki 
Kaisha) to give a paint film with a film thickness of 20 micrometers. These paint- 
ed specimens were then subjected to the following painting perfonnance tests 
in order to evaluate the painting performance, 
ill Test of the post-pafhtino corrosion resistance 

A cut was Introduced into the paint film on the painted sample. The paint- 
ed sample was thereafter immersed for 240 hours In 5 % aqueous sodium chlor- 
ide heated to 50 •C. and then removed, rinsed with water, and dried. The neigh- 
borhood of the cut was peeled using cellophane tape, and the maximum width 
of paint film peeling on one side was measured after the tape peel and reported 
on the following scale: 

+ : maximum one-sMe width of peel is less than 7 millimeters (hereinafter us- 
ually abbreviated as "mm**); 
# : maximum one-side width of peel is at least 7 mm but less than 1 0 mm; 
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X : maximum on -sidewidthof peel is at least 10 mm. 
{2) Test of the water-resista nt secondary adherence 

The painted sample was immersed for 240 hours in pure water heated at 
40 X and then removed and dried. A cross was thereafter scribed in the paint 
film; the center of the cut was extmded 3 mm using an Erichsen tester; and, after 
a cellophane tape peel, the paint film peel ratio (i.e., the ratio of the peeled area 
to the extmded area) was measured. The following scale was used for reporting: 
+ : paint film peel ratio is less than 1 0 % 
# : paint film peel ratio is at least 10% but less than 20% 
x : paint film peel ratio is at least 20 %. 

EXAMPLE 1 

Two hundred (200) parts per million by weight (hereinafter usually abbrevi- 
ated as "ppm") of tert-butyl hydroperoxide was added to Conversion treatment 
bath (1). which was then used to treat cold-roHed steel sheet by immersion at a 
treatment temperature of 45 "C. 

Eighty (80) ppm of di-tert-butyl peroxide was added to Conversion treat- 
ment bath (1), which was then used to treat zinc-electroplated steel sheet by im- 
mersion at a treatment temperature of 45 "C, 

EXAMPLE? 

Five hundred (500) ppm of tert-butyl hydroperoxide was added to conver- 
sion treatment bath (2). which was then used to treat cold-rolled steel sheet by 
spraying at a treatment temperature of 40 '^C. 

EXAMPLE 4 

One thousand one hundred (1»100) ppm of acetylacetone peroxide was 
added to conversion treatment bath (2), which was then used to treat zinc-elec- 
troplated steel sheet by Immersion at a treatment temperature of 40 **C. 

EXAMPLE 5 

Five hundred (500) ppm of di-tert-butyl peroxide was added to conversion 
treatment bath (1), which was then used to treat cold-rolled steel sheet by immer- 
sion at a treatment temperature of 43 'C, 



12 



wo 96/27692 



PCT/US96AI2677 



EXAMPLE g 

Five hundred (500) ppm of tert-butyl hydroperoxide was added to conver- 
sion treatment bath (3), which was then used to treat galvannealed hot-dip zinc- 
plated steel sheet by spraying at a treatment temperature of 33 ""C. 

EXAMPLE? 

One hundred fifty (150) ppm of di-tert-butyl peroxide was added to conver- 
sion treatment bath (1), which was then used to treat aluminumHTiagnesium alloy 
sheet by spraying at a treatment temperature of 43 ^^C. 

COMPARATIVE EXAMPLE 1 

Two hundred (200) ppm of sodium nitrite was added to conversion treat- 
ment bath (1), which was then used to treat cold-rolled steel sheet by immersion 
at a treatment temperature of 43 ''C. 

COMPARATIVE EXAMPLE 2 

Cold-rolled steel sheet was treated by immersion in conversion treatment 
bath (1) heated to 43 X. 

COMPARATIVE EXAMPLE? 
Two thousand (2.000) ppm of sodium chlorate was added to conversion 
treatment bath (2), which was then used to treat zinc-electroplated steel sheet 
by immersion at a treatment temperature of 40 ''C. 

COMPARATIVE EXAMPIF^ 

Galvannealed hot-dip zinc*plated steel sheet was sprayed with conversion 
treatment bath (3) heated to 33 

COMPARATIVE EXAMP1.E,5 
Aluminum-magnesium alloy sheet was sprayed with conversion treatment 
bath (1) heated to 43 *C. 

The treatment conditions and test results for all of the Examples are 
reported in Tables 1 and 2 respectively and the treatment conditions and test 
results for all of the Comparative Examples are reported in Tables 3 and 4 
respectively. 
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Tabic 1. 



Idcn 
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Con- 
tact 
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El 
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Ni : 0.5 
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80 
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0.6 


45 


Im 


E3 


CRS 
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Co : 0.4 


A 
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0.4 
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40 
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E4 


EG 


13 


l.l 


Co : 0.4 


C 


1100 


0.4 


0.4 


40 


Im 


ES 


CRS 


15 


1.3 


Ni : 0.5 


B 


500 


I 


0.6 


43 


Im 


E6 


GA 


17 


1.5 




A 


500 




0.7 


33 


Sp 


E7 


AL 


15 


IJ 


Ni : 0.5 


B 


150 


1 


0.6 


43 


Sp 



Abbreviations for Table 1 
E « Example; CRS « cold-rolled steel sheet; EG = galvanized steel sheet; GA = galvannealed hot-dip 
zinc-plated steel sheet; AL = aluminum-magnesium alloy sheet; A = tert-butyl hydroperoxide; B = di-tert-butyl 
peroxide; C - acctylacetonc peroxide; Im » Immersion; Sp = Spray 



Table 2 



Identification 


Coating Mass, 
g/m> 


Test Score for Test of: 


Crystal Size 


Base Metal 
Coverage 


Post-Painting 
Corrosion 
Resistance 


Water- 
Resistant 
Secondary 
Adherence 


Example 1 


0.9 




+ 


+ 


+ 


Example 2 


3.5 


+ 


+ 




+ 


Example 3 


1.2 


+ 


+ 


+ 


+ 


Example 4 


3.2 




+ 


+ 


+ 


Example 5 


1.3 


+ 




+ 


+ 


Example 6 


4.3 


+ 


+ 




+ 


Example 7 


2.5 


+ 


+ 


+ 


+ 
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Tables 
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CI 
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15 
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C2 
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C3 
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E 
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40 
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C4 


GA 


17 
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33 


Sp 


C5 


AL 


15 
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1.0 


0.6 


43 


Sp 



Abbreviations for Table 3 

C - Comparison Example; CRS - cold-rolled steel sheet; EG » galvanized steel sheet: GA » gaivannealed 
hot-dip zinc-pkited steel sheet; AL « aluminum-magnesium alloy sheet; D = sodium ninite; E = sodium chlorate: 

Im « Immosion; Sp = Spray. 



Table 4 



Identificaion 


Coating Mass, 
g/m^ 


Test Score for Test of: 


Crystal Size 


Base Metal 
Coverage 


Post-Painting 
Corosion 
Resistance 


Water- 
Resistant 
Secondary 
Adherence 


Comp. Ex. 1 


4.0 


X 


X 


M 


X 


Comp. Ex. 2 


0.5 


X 


X 


X 


U 


Comp. Ex. 3 
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x 


-¥ 


n 


X 


Comp. Ex. 4 


73 


x 


+ 


X 


X 


Comp. Ex. 5 


1.3 


X 


X 


X 


n 
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Examples 1 to 7, which employed the surfece treatment method according 
to the present invention, consisted of treatment using a conversion treatm nt 
bath that contained organoperoxide as the oxidizing agent (see Table 1). In each 
case this resulted in the deposifion of a thin, unifomi, finely crystalline, and dense 
zinc phosphate conversion coating on the surfoce of the metal workpiece and in 
an excellent painting perfbnnance (post-painting conosion resistance and water- 
resistant secondary adherence). In Comparative Examples 2. 4, and 5, treat- 
ment was earned out using a conversion treatment bath that was entirely free of 
oxidizing agent. In contrast to the examples, the oxidizing activity in these com- 
parative examples was inadequate, only coarse coating crystals were deposited, 
and the base metal was not unifonnly covered. Comparative Examples 1 and 
3 employed, respectively, a nitrite salt and chlorate salt, which are the oxidizing 
agents most typically used in the prior art. Finely crystalline, dense films were 
not deposited in these comparative examples and a satisfactory painting per- 
fonnance was therefore not obtained. 
penefits of the Invention 

The sur^ce treatment method according to the present invention is able to 
deposit a unifomi, finely crystalline, and dense zinc phosphate conversion coat- 
ing on metals. This coating has an excellent painting performance, as expressed 
in terms of the post-painting corrosion resistance and water-resistant secondary 
adhesion. Moreover, the subject surface treatment method is able to do this 
through a very simple procedure of cleaning (degreasing) - conversion treatment 
- water rinse. Accordingly, tlie surface treatment method according to the pres- 
ent invention does not require the surface-conditioning treatment indispensable 
in the prior art for tiie deposition of a uniform, thin, finely crystalline, and dense 
conversion coating. The surface treatment method according to the present in- 
vention is thus quite revolutionary in that it makes possible simplification of the 
treatment facilities, frees the processor from a complicated management of the 
conversion treatment bath, and offers the economic advantage of no requirement 
for surface-conditioning agent. 
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Claims 

1 . An aqueous liquid composition for forming a zinc phosphate conversion 
coating on a metal surface by contact therewith, said composition consisting es- 
sentially of water, zinc ions, phosphate ions, and at least one type of organoper- 
oxide. 

2. An aqueous liquid composition according to claim 1 , wherein the organo- 
peroxide concentration is from 50 to 1 ,500 ppm. 

3. An aqueous liquid composition according to claim 2, wherein the zinc ions 
concentration is from 0.5 to 5.0 g/L. 

4. An aqueous liquid composition according to claim 1 , wherein the zinc ions 
concentration is from 0.5 to 5.0 g/L. 

5. An aqueous liquid composition according to claim 4, wherein the phos- 
phate ions concentration is from 5.0 to 30.0 g/L. 

6. An aqueous liquid composition according to claim 3, wherein the phos- 
phate ions concentration is from 5.0 to 30.0 g/L. 

7. An aqueous liquid composition according to claim 2, wherein the phos- 
phate ions concentration is from 5.0 to 30.0 g/L. 

8. An aqueous liquid composition according to claim 1, wherein the phos- 
phate ions concentration is from 5.0 to 30.0 g/L. 

9. An aqueous liquid composition according to claim 8 which includes from 
100 to 2.000 ppm of fluorine from fluoride ions, complex fluortde ions, or both. 

1 0. An aqueous liquid composition according to claim 7 which includes from 
100 to 2.000 ppm of fluorine from fluoride ions, complex fluoride ions, or both. 

11. An aqueous liquid composition according to claim 6 which includes from 
1 00 to 2,000 ppm of fluorine from fluoride Ions, complex fluoride ions, or both. 

1 2. An aqueous liquid composition according to claim 5 which includes from 
100 to 2,000 ppm of fluorine firom fluoride ions, complex fluoride ions, or both. 

1 3. An aqueous liquid composition according to claim 4 which includes from 
100 to 2,000 ppm of fluorine from fluoride ions, complex fluoride ions, or both. 
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14. An aqueous liquid composition according to claim 3 which includes from 
100 to 2,000 ppm of fluorine from fluoride ions, complex fluoride ions, or both. 

15. An aqueous liquid composition according to claim 2 which includes from 
100 to 2,000 ppm of fluorine from fluoride ions, complex fluoride ions, or both. 

16. An aqueous liquid composition according to claim 1 which includes from 
100 to 2,000 ppm of fluorine from fluoride ions, complex fluoride ions, or both. 

17. An aqueous liquid composition according to claim 16 which includes a 
total of from 100 to 2.000 ppm of divalent metal cations selected from the group 
consisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

18. An aqueous liquid composition according to claim 15 which includes a 
total of from 100 to 2,000 ppm of divalent metal cations selected from the group 
consisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

19. An aqueous liquid composition according to daim 14 which includes a 
total of from 100 to 2,000 ppm of divalent metal cations selected from the group 
consisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

20. An aqueous liquid composition according to daim 13 which indudes a tot- 
al of from 100 to 2,000 ppm of divalent metal cations selected from the group 
consisting of nickel manganese, cobalt, magnesium, and calcium cations. 

21 . An aqueous liquid composition according to claim 12 which Indudes a tot- 
al of from 100 to 2,000 ppm of divalent metal cations selected from the group 
consisting of nickel, manganese, cobalt, magnesium, and caldum cations. 

22. An aqueous liquid composition according to claim 1 1 which indudes a tot- 
al of from 100 to 2,000 ppm of divalent metal cations selected from the group 
consisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

23. An aqueous liquid composition according to daim 10 which includes a 
total of from 100 to 2,000 ppm of divalent metal cations selected from the group 
consisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

24. An aqueous liquid composition according to daim 9 which indudes a total 
of from 100 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and caldum cations. 
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25. An aqueous liquid composition according to claim 8 which includes a total 
of from 100 to 2,000 ppm of dival nt metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

26. An aqueous liquid composition according to claim 7 which includes a total 
of from 100 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

27. An aqueous liquid composition according to claim 6 which includes a total 
of from 100 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

28. An aqueous liquid composition according to claim 5 which includes a total 
of from 100 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and caldum cations. 

29. An aqueous Iquid composition according to claim 4 which includes a total 
of from 1 00 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

30. An aqueous liquid composition according to daim 3 which includes a total 
of from 100 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

31. An aqueous liquid composition according to claim 2 which indudes a total 
of from 100 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

32. An aqueous lk|uid composition according to claim 1 which Includes a total 
of from 100 to 2,000 ppm of divalent metal cations selected from the group con- 
sisting of nickel, manganese, cobalt, magnesium, and calcium cations. 

33. A process of forming a phosphate conversion coating on a metal surface, 
said process comprising steps of: 

(I) cleaning the metal surface, and optionally, rinsing and/or drying the 
surface; and 

(II) without any intemiedlate conditioning treatment after step (I), bringing the 
deaned surface Into contact with an aqueous liquid composition according 
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to any one of claims 1 to 32. 

34. A process according to claim 33, wherein step (II) is performed at a tem- 
p rature from 25 to 50 X for a time from 1 to 5 minutes. 

35. A process according to claim 34, comprising steps of: 

(1.1 ) cleaning the metal surface with an allcaline cleaner; 

(1.2) rinsing the metal surface cleaned in step 1.1 with water and. optionally, 
drying the rinsed metal surface; and 

(II) without any intemiedlate conditioning treatment after step (L2), bringing 
the cleaned and rinsed surface into contact with an aqueous liquid compo- 
sition according to any one of claims 1 to 32; and 

(III) removing the metal surface from the contact established in step (II) and 
rinsing the surface with deionized water. 
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